Where the rivers Rhône and Saône meet, just south of the city centre of Lyon, there is a growing campus combining academic institutions such as the Ecole Normale Supérieure (ENS), businesses such as the headquarters of Sanofi Pasteur and a number of smaller biotech companies. There is a virology laboratory with the highest security standard, P4, for the study of Ebola virus and other threats to mankind. A large museum of science and natural history, the Musée des Confluences, is under construction.
A shiny, white, brand-new building in this area has just been inaugurated. On four floors connected by a double-helix staircase, it houses the Lyon Institute for Functional Genomics, IGFL. Next door is an empty plot where IGFL director Vincent Laudet would like to see a 200-seat auditorium, if he can find the funding for it. Thirteen groups have already moved in, and there is still space for five more, including two junior and two bioinformatics groups.
All research groups in the institute essentially want to know why animals work the way they do, i.e. how evolution, development, and physiology work together to create the life functions we can observe in the animal kingdom. While this sounds like an obvious thing for biologists to do, Laudet says that it is unusual, and even unique in France, to combine studies of evolution, development and physiology under one roof.
Even more unusual is the wide range of animals studied, which not only includes classic model systems such as zebrafish and Drosophila, but also less famous species of insects, rodents, and fish. The institute is setting up a large fish facility, which will also be a shared resource accessible to the around 800 biologists working in the area. The research also covers species collected in the wild, and even fossils.
Evolution bites
One of the functional aspects of animals that researchers at Lyon are interested in is the evolution and development of teeth in vertebrates. And they don't limit their curiosity to the rodents, whose clearly visible teeth are already well-characterised.
Group leader Laurent Viriot, in collaboration with institute director Laudet, studies the dentition of cypriniformes, the order that includes zebrafish (Danio rerio) as well as that widely known pet species, the goldfish (Carassius auratus auratus). Now you may have thought that these fish don't have teeth, as they don't show any when they open their mouth, but Viriot insists that they all have teeth in their pharynx, at the back of their throat.
Studying a wide range of examples both from living and fossilised species, Viriot wants to find out whether these so-called pharyngeal teeth are adapted to the animal's diet the same way that the more visible oral teeth of mammals evolve to fit their owner's life style.
Feature
One particularly intriguing example is the extremely small ('paedomorphic') fish species Paedocypris progenetica, whose microscopically small teeth Viriot's group has imaged using micro-CT scans. Adult fish of this species are about 10 millimetres long, and until recently it was the smallest known vertebrate species.
"These teeth show a fantastic diversity," says Laudet, "and it is achieved by retinoic acid signalling." This links to Laudet's research background, as the retinoic receptor is a nuclear receptor, the family of proteins that he has studied since 1997.
As retinoic acid is degraded by the cytochrome P450 enzyme Cyp26, researchers can suppress teeth formation in specific locations during specific phases of development. Manipulating the availability of retinoic acid, Laudet's group could study the development of the pharyngeal teeth in detail.
Intriguingly, the first tooth to form in their development is already replaced before the fish hatches, so it is never used. The research showed, however, A newly established interdisciplinary research institute in Lyon, France, aims to bridge the cultural divides between evolution, development, and physiology, in order to study how animal functions come into being, starting from the genomes, and not limited to traditional model systems. Michael Gross reports.
How does an animal work?
Say cheese: As vertebrate teeth are well preserved in fossils and their development can change dramatically to adapt to a species' diet, they are ideal for studies of evolution and development of animal functions. This is true not only for rodents, but also for a wide range of other groups including reptiles (crocodile, Crocodylus niloticus, shown here), and fish. that it has an essential role as an 'initiator' tooth, as it triggers the subsequent development of the entire row of teeth.
Walking on water
Abderrahman Khila, who came to Lyon from McGill University in Montreal, Canada, wants to understand the evolution of water-walking insects such as Mesovelia and Gerris, and especially the crucial transition from ground-based life to the water surface and the subsequent diversification, which resulted in a large diversity of water-walking insects. "We already know that the leg morphology adapted to life on water," Khila says. "First, they have evolved hairs on their legs, which trap air bubbles and allow them to remain afloat. Second, there have been changes in leg length, as these insects need longer legs so they can generate efficient propulsion on fluid."
At the genetic level, the change in leg length is mediated by changes in gene activity and function. "What we found so far is that a Hox gene, called Ultrabithorax, makes the second legs long and the third legs short. By doing so, it gives the characteristic morphology that allows these insects to use the long mid-legs as oars for rowing and their third legs as rudders for steering," Khila explains. "We have followed on this work to trace the steps taken to these genetic changes and the effect they had on the diversification of the group. The results are quite stunning and tell us a great deal about how highly conserved genes can play an important role in enabling organisms to conquer and diversify within new habitats."
In a recent paper based on his work in Canada, Khila has demonstrated the role of a specific gene, which produces elaborated hooks on the male antennae, in reproductive strategy of the water strider Rheumatobates rileyi. The males use these hooks to grasp unwilling females, and their absence directly affects reproduction success (Science (2012) 336, 585-589).
Riddles of regeneration
Evolution and development in arthropods are also the focus of research in the lab of Michalis Averof, who moved to Lyon from Heraklion, on the Greek island of Crete. Half of Averof's group studies limb regeneration in the crustacean Parhyale hawaiensis.
Regeneration, which can be described as a late phase of development, is a topic that has been poorly served by the conventional model organisms, which generally don't regenerate very well. With organisms that are famous for their regeneration capacity, technical problems have inhibited genetic research. For salamanders, the generation span is too long, and for the flatworm, which has been studied by RNAi methods, gene transfer has not been successful.
"RNAi has given us candidate genes to work with, but has not helped unravel the regulatory interactions that underpin regeneration. We need more sophisticated tools for that," says Averof. Therefore, his team has built up the genetic toolkit to manipulate regeneration in Parhyale. As a bonus, the crustacean's cuticle is transparent, such that the development of regenerating limbs can be readily imaged in the living organism.
Averof's group uses 'gene trapping', a well-established approach where the expression of a specific gene is reported by co-expression of a fluorescent protein. Based on this method, the researchers are building genetic tools to address fundamental questions of regeneration, including the identification of the progenitor cells and the understanding of the signals that trigger, coordinate, and pattern regeneration.
Findings suggest that there is a fundamental division between the ectoderm (the outer layer of cells in the embryo, and, by extension, the structures derived from it, such as the nervous system and the epidermis) and the mesoderm (the middle layer). "No type of cell can regenerate both ectoderm and mesoderm," Averof says. "In this respect, Parhyale regeneration is similar to vertebrates, but different from flatworm."
The other half of Averof's group studies segmentation in the development of the beetle Tribolium castaneum revealing an oscillation mechanism similar to vertebrates (Science (2012) 336, 338-341) and showing that the standard model organism Drosophila is not necessarily typical of insect development.
Flies, genes and guts
Samir Merabet, who recently joined the IGFL from a CNRS unit at Marseille, studies the function of the protein products of Hox genes in Drosophila embryos and mammalian hematopoietic lineage. His group has established the use of bimolecular fluorescence complementation (BiFC) in living Drosophila and chicken embryos, a method previously used mostly in plants and cell culture. The method is based on a fluorescent protein, such as GFP, split into two halves, which are attached to two separate proteins that are potential binding partners. Thus, the observation of the fluorescence indicates that these binding proteins have come into contact.
In a recent paper, Merabet's group has used this approach to analyse the interaction rule between Hox proteins and PBC cofactors (PLoS Biol. (2012) 10, e1001351). In contradiction to the current paradigm based on in vitro interaction studies, the in vivo work showed that the well-conserved hexapeptide sequence motif in Hox proteins, HX, is not essential for PBC binding. This work also highlighted the importance of a third partner protein known as Meis in Hox-PBC interaction flexibility. This alternative mechanism seems to be evolutionarily ancient, as it is found in animal species as diverse as flies, mice and sea anemones.
François Leulier studies the interaction between Drosophila and its gut microbes. Compared with the recently revealed complexity of the microbial communities in the human gut, things are much simpler in Drosophila, says Leulier. "There are only 10 to 50 strains, and just two or three core species, which are easy to cultivate in the lab." This reduced complexity coupled to the genetic tractability of both the host and the gut microbes make an ideal experimental setting to question mechanisms underlying beneficial host-gut microbe interactions. Intriguingly, well-fed flies can develop without the bacteria, but the effects of poor nutrition, which delays flies' growth, are exacerbated by the absence of commensal microbes (Cell Metab. (2011) 14, 403-414) . Building on this striking observation, Leulier's group currently aims at deciphering both gut microbes and host genetic networks that sustain host growth promotion.
From zebrafish to people
While medical considerations aren't the main motivation of research at the IGFL, some of the work does have implications for human medicine, and translational opportunities are likely to arise from it.
Florence Ruggiero, for instance, studies matrix collagens in mice and zebrafish, with medical implications as diverse as muscular dystrophies, cutaneous defects and formation of senile plaques. Investigating the expression of collagen XXII in zebrafish embryos, for instance, Ruggiero's group has recently found that this protein has an important function at the myotendinous junction, linking the muscle to the myoseptum, the fish's equivalent to our tendons.
Jean-Marc Vanacker focuses on nuclear receptors, which are also a core theme stretching across the many different fields covered at the institute. Specifically, his group studies the ERRa receptor, which has been linked to cell migration in development and also to metastasis in highly aggressive cancers.
Using knockdown approaches in human cells, Vanacker's group has identified the regulators and targets of ERRa. In a collaborative project with medical researchers at a local hospital, he is also investigating the role of ERRa in invasive cancers. The receptor is also of interest in the field of osteoporosis in post-menopausal women, as it is related to the estrogen receptor. Inhibitors of ERRa, Vanacker speculates, may be useful in preventing osteoporosis, while protecting from the most aggressive cancers at the same time.
A confluence of ideas
As these examples show, the IGFL combines a broad range of research interests, which are all related to animal functions. There are common themes and overlaps between the groups, as several deal with nuclear receptors, and several others with Hox genes and their proteins, for instance. Other than that, there is no narrow focus, and group leaders are free to pick examples from the whole diversity of the animal kingdom in their quest to understand how animals work. With this broad approach, the institute is perhaps comparable to the Max-Planck Institute for Evolutionary Anthropology at Leipzig, which addresses fundamental questions of human evolution in a similarly broad-minded way.
Manfred Schartl from the University of Würzburg, Germany, has supervised the birth of the new institute as the chairman of the external scientific advisory board. He comments: "I hope that the IGFL will […] become known as one of those places where outstanding scientists are doing that kind of research, where many people -from expert colleagues all over the world to the Lyon citizen just walking bywould say: "Yes, that is interesting !" and where a chat over a coffee of a PhD student with a postdoc from another floor has more impact on the work than the worries of a team leader whether there will be still enough money next year to run the lab."
It is perhaps fitting that the confluence of two large rivers should be the location where several disciplines of biology join forces to create something bigger, a confluence of scientific ideas. "My credo is that this is the future of biology: mixing different approaches and people from different backgrounds to tackle the very same questions together," says Laudet. "I think this is a big challenge because people come from different cultures, including very different ways of doing research, asking questions, finding money and managing students. This is like the waters of the Rhône and the Saône, they have different colours and they take some time to mix when they meet, but when they do it gives something unique."
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